The distribution of length and diameter and the aspect ratio of crocidolite asbestos, a mineral substitute for asbestos (wollastonite), a manmade mineral fibre (lass wool), and synthetic fibres (pobpopylene and polyacrylonitrite) were determined by light microscopy with phase contrast and, for crocidolite, also with trasission electron microscopy. The synthetic organic fibres and manmade mineral fibre used were of a size exceeding that considered respirable. Respirable materials were given to rats by the itratracheal method and after exposure for a standard time interval the main indices of fibrogenic effects-the total hydroxyproline content, the wet weight of the lung, and the total lipid content in the lung-were estimated. We decided, therefore, to determine its fibrogenicity in vivo.
New types of fibrous materials, used as substitutes for asbestos, cause serious hygienic problems' and are classified as proved car- cinogens. 2 In some cases manmade mineral fibres are considered to be potential carcinogens.3 So far there is only limited information about the biological activity of these new materials. 4 Recent results confirmed that for carcinogenic effects the length, diameter, and their mutual ratio (aspect ratio) were decisive' and they are the subject of intensive research and discussion. 67 The detailed study of lung cancer and mesothelioma in cases in which the action of asbestos was proved, showed that asbestosis as a specific form of pneumoconiosis probably precedes the development of cancer We decided, therefore, to determine its fibrogenicity in vivo.
Materials and methods

MORPHOMETRIC ANALYSIS
This study examined the morphometric variables of asbestos (crocidolite), of a manmade mineral fibre (glass wool), of synthetic organic fibres (polypropylene, polyacrylonitrile), and of two sources of wollastonite, a recent mineral substitute for asbestos. ' The length, diameter, and aspect ratio of fibres were determined by light microscopy with phase contrast as previously described'2; crocidolite was also examined by transmission electron microscopy.
Microphotographic recordings of the individual variables of fibre size and distribution were analysed. For all variables, the average, geometric mean, and SD were calculated.
ANIMALS AND CONDITIONS OF EXPOSURE
The samples of fibres that could be given to the experimental animals (specific pathogen free male Wistar rats, about 300 g body weight) were obtained by mechanical treatment (crushing, sedimentation, etc).
In the fibrogenicity test'3 the samples of fibrous dusts were given intratracheally during mild ether anaesthesia. For comparison highly fibrogenic standard quartz and low fibrogenic mineral dust of magnesite of mine origin were given. Particles of these two samples were of respirable size (diameter < 5pm).
In our experiment wollastonite fibres were given and their effects were compared with the action of crocidolite, quartz, mineral mine dust, and controls.
As the synthetic organic fibres were not respirable they were not expected to be fibrogenic.
The number of fibres as well as nonfibrous particles in the samples studied varied depending on particle size. Dose specification by the number of particles would be imprecise because of their different sizes. The gravimetric dose used (25 mg of a sample in 1 ml of physiological saline) always contained many particles (about 3 x 1 09 particles/ sample).
Each group contained about 18 animals. Exposure lasted three months. The animals were then killed and the lungs removed for the determination of basic variables of fibrogenicity.
The total content of hydroxyproline in the lung was determined as the main indicator of fibrogenicity, and the wet weight of the lung and total content of lipid in the lung were found by standard methods. '4 reactivity of mineral fibres is dependent on fibre dimensions. Only fibres < (fig 1) . Figures   2, 3 , and 4 are microphotographs of the mineral fibres used in our experiment. Figures 5, 6 , and 7 show that the content of hydroxyproline, the main indicator of fibrogenicity, was increased significantly by crocidolite, and (although less pronounced) by wollasonite and mineral dust from the magnesite mine. Similar results were found for values of wet weight of the lung. Total lipid content in the lung was similar for crocidolite and wollastonite but lipid content was not a determining factor for fibrogenicity in this short term study. *p< 0-S; **p < 0-01; ***p < 0-001 v control (C). 
Discussion
The advantage, from the point of view of hygiene, of the synthetic organic fibres as asbestos substitutes is their size, which excludes respirability. This is, however, achieved at the expense of their technological properties. Other substitutes, including mineral fibres, are therefore looked for. One of the most promising substitutes seems to be wollastonite. Added to cement building materials it offers efficient refractory protection.
The studies of the biological effects of wollastonite have until now been focused on its experimentally determined cytotoxicity and on the lung damage that was found in epidemiological studies. The aim of our work has been to contribute to the evaluation of its fibrogenicity under experimental conditions. Data on the fibrogenicity of the two types of wollastonite in experimental conditions are important. The sample with higher respirability (table 1) is also more fibrogenic. Its fibrogenicity is lower than that of quartz but comparable with that of crocidolite (figs 4 and 5).
Crocidolite is expected to be considerably more fibrogenic. In assessing its fibrogenic properties it is nevertheless necessary to take into consideration the fact that crocidolite fibres were relatively short (mean 4-4 pm). The results of our experiment do not elucidate possible carcinogenic effects of the samples given. According to McClellan et al,1' short term assays can gauge the fibrogenic potential of fibres but cannot accurately assess their carcinogenic potential. The similar increase in the indices of fibrogenicity found in crocidolite and wollastonite does not exclude the carcinogenicity of crocidolite.
Wollastonite as a natural mineral asbestos substitute has good technological features, and is therefore expected to be widely used. It has, nevertheless, turned out to be not wholly inert, a fact that will necessitate further research focused on its biological effects.
Synthetic organic fibres used in Slovakia are not of respirable size. They are therefore not supposed to present a health risk from the point of view of their fibrogenicity.
Mineral substitutes for asbestos (wollastonite) have fibre dimensions that are associated with fibre respirability, fibrogenicity, and possible carcinogenicity. These fibres will be used only as asbestos substitutes in special cases in which they are not expected to cause any serious health hazards.
